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Crowding on public transport is one of the urban problems in contemporary society. In a crowded
vehicle passengers touch or bump into each other, and an increase in exit time of passengers that
associates with an increase in passenger density would decrease the efficiency of the transport system.
In this study, by using self-driven many-particle models, we simulated exit of passengers from a
crowded vehicle and investigated how the behavior of passengers may influence the average exit time
and the “physical stress” which a passenger is subjected to in a crowded vehicle.
( )











1887 2014 23-27 23
$i$ $i$ $f_{ij}$ , $W$ $f_{iW}$
$m_{i} \frac{dv_{i}}{dt}=m_{i}\frac{v_{i}^{0}e_{i}^{0}(t)-v_{i}(t)}{\tau_{i}}+\sum_{j\neq i}f_{ij}(t)+\sum_{W}f_{iW}(t)$ (1)
$x_{i}$ $dx_{i}/dt=v_{i}(t)$
$i$ $j$ $f_{ij}^{S}$ $f_{ij}^{P}$
$f_{ij(t)}=f_{ij}^{S}(t)+f_{ij}^{P}(t)$ (2)
$i$ $j$




$r_{i}$ $j$ $r_{j}$ $(r_{ij}=r_{i}+r_{j}),$ $n_{ij}=(n_{i}^{1_{j}}, n_{1j}^{2})=(x_{i}-x_{j})/d_{ij}$
$j$ $i$ $A_{i}$ $B_{i}$
$S_{i}(\phi_{ij}(t))$
$i$ $i$ $i$ $($ $\cos\phi_{ij}=-n_{ij}\cdot(v_{i}/\Vert v_{i}\Vert))$
$S_{i}( \phi_{ij}(t))=(\lambda_{i}+(1-\lambda_{i})\frac{1+\cos\phi_{ij}(t)}{2})$ (4)
$\lambda_{i}$
$($ $d_{ij}<r_{ij})$ $g(x)$ $x$
$0,$ $x$ $x$ $i$ $i$
$f_{ij}^{P}(t)=kg(r_{ij}-d_{ij}(t))n_{ij}(t)+\kappa g(r_{ij}-d_{ij}(t))\Delta v_{ji}^{tan}(t)t_{ij}(t)$ (5)
$t_{ij}=(-n_{ij}^{2}, n_{ij}^{1})$ $n_{ij}$ $\Delta v_{ji}^{tan}=(vj-v_{\iota})\cdot t$ $i$




$d_{iW}$ $i$ $W$ $n_{iW}$ $W$ $i$ $\phi_{iW}$
$i$ $i$ $W$ $($ $\cos\phi_{iW}=-n_{iW}\cdot(v_{i}/\Vert v_{i}\Vert))$
$f_{iW}^{S}(t)=A_{i}\exp[(r_{i}-d_{iW}(t))/B_{i}]n_{iW}(t)S_{i}(\phi_{iW}(t))$ (7)
$S_{i}(\phi_{iW}(t))$ (4) $\phi_{iW}$ $n_{iW}$
$t_{iW}=(-n_{iW}^{2}, n_{iW}^{1})$ $i$ $W$




$F= \frac{1}{N}\sum_{i=1}^{N}(\frac{1}{t_{i}-t_{0}}\int_{t_{0}}^{t_{i}}\sum_{j\neq i}\Vert f_{ij}^{P}(t)\Vert+\sum_{W}\Vert f_{iW}^{P}(t)\Vert dt)$ (9)
$i$ $N$
$F= \frac{1}{N}\sum_{i=1}^{N}(\frac{1}{t_{i}-t_{0}}\sum_{t=T(t_{0})}^{T(t.)}(\sum_{j\neq i}\Vert f_{ij}^{P}(t)\Vert+\sum_{w}\Vert f_{iW}^{P}(t)\Vert)\Delta t)$ (10)
$T(t_{0})$ $T(t_{i})$ $i$
1








$2m$ $5m$ , $3m$
10 20 30 40 50




$0$ ( $e_{i}^{0}=0-x_{i}$ ).
1 ( $1A$ )
( $1B$ )
$O$ 1 ( $O$ )
( 1) ( $1A$ ).
$O$ 1 ( $1B$ ),
25
1: 4 $v_{i}^{0}$ 1.0, 0.2 $N(1.0,$
0.2) : $m_{i}=80$
[kg], $\tau_{i}=0.5[s],$ $k=1200[kgs^{-2}],$ $\kappa=2400[kgm^{-1}s^{-1}],$ $r_{i}=0.3[m],$ $\lambda_{i}=0.$
$0$ 1 2 3 4
$A_{i}[N] 0 20 20 20 20$
$B_{i}[m]$ $0$ 0. $08$ 0. $08$ 0. $08$ 0.08
$v_{i}^{0}[ms^{-1}]$ 1. $0$ 1. $0$ 1. $4$ 0. $6$ $N(1.O, 0.2)$
1 2 3
( $1A$ ).
( $1B$ ). ( 2)
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